
METHODS AND APPARATUS FOR CONSTRUCTING 
SEMANTIC MODELS FOR DOCUMENT AUTHORING 

Field of the Invention 

This invention relates generally to electronic document authoring, and more particularly 
5 relates to techniques for constructing a semantic model for authoring documents including 
substantial semantic content. 

Background of the Invention 

In general, electronic documents, such as, for example, Extensible Markup Language 
(XML)-based documents, often have an associated set of rules or grammar that describes the 
10 allowable syntactic constraint or structure. In the case of XML-based documents, this grammar 
is expressed in one of at least two possible formats: a Document Type Definition (DTD) or an 
XML-Schema. Each format essentially describes XML tags (e.g., sub-tags) that are allowed 
uniir a given XML tag. A document that conforms to the syntax rules found in the associated 
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grammar is considered to be a valid document. 
15 ;U Often, syntax rules define additional constraints, referred to herein as semantic 
cohftraints, that are not considered to be part of the grammar and thus are not uniformly applied. 
ForSnstance, certain syntax rules may declare that a sub-tag is optional, or the syntax rules may 
defjfge a minimum and/or maximum number of times a sub-tag can be allowed under a given 
XML tag. However, the actual number of times a sub-tag is used will vary depending upon the 
20 particular application employing the document. 

The following are some common examples of semantic constraints that are not presently 
captured in a conventional grammar model: 

1 . There are semantically and syntactically valid choices for sub-trees for any tag in 
the XML-based document; 
25 2. Each choice of a sub-tree of a tag can imply the automatic selection and/or 

exclusion of a sub-tree of another tag (not related to the first tag by ancestry). 
These are called selection constraints. By way of example, FIG. 1 illustrates 
selection constraints in a Trading Partner Agreement (TP A) application. In this 
application, the TPA 100 has a section defining participants 102 and a section 
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defining communications 104. The Participants section 102 may have two 
alternatives: "Alternative 1" 106, where both parties are arbitrary and all 
information must be entered at the time of authoring; and "Alternative 2" 108, 
where one of the participants is known, and information pertaining to the known 
5 participant is supplied in the model. In the Communications section 104, there 

may be two alternatives: "Alternative A" 110, where the communications protocol 
is unknown and must be selected; and "Alternative B" 112, where the protocol is 
known, as it is the only protocol supported by the known service provider. If the 
first alternative 106 in the participants section 102 is chosen (i.e., where both 
10 parties are arbitrary), then the first alternative 110 in the communications section 

104 is required. Similarly, if the second alternative 106 in the participants section 
102 is chosen (i.e., where the service provider is known), then the second 
alternative 1 12 in the communications section 104 should be required; 
: C 3. While a grammar may describe a tag as optional, the semantics may specify that 

ITS 

15 \f\ the tag is required, prohibited, or truly optional (and left to the author for possible 

inclusion during the authoring of the document); 
□ 4. While a grammar may describe the minimum and/or maximum number of times a 
ij sub-tag may be included as a child of a given (parent) tag, the semantics may 

H further require a particular number of inclusions, or it may leave the actual 

20 M number to the author during the authoring of the document; 

5. While a grammar may describe the data type (specifically, the XML Schema can 
do this), the form of the data (e.g., date format) can vary depending upon the 
semantics of the document (e.g., UK time vs. U.S. time vs. military time, etc.); 

6. Data fields and attributes may have default values; 

25 7. Orderable data fields can have minimum and/or maximum values; 

8. Several fields (e.g., data and attribute) must have the same value, such that when 
one is changed, the other fields must reflect the change. 

Conventionally, there are primarily two ways an XML-based document can be 
constructed so that it is both syntactically and semantically valid. The first approach involves the 
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use of an XML editor that utilizes the grammar to force conformance to the syntax rules 
described in the grammar. Since the editor has no knowledge of the application being addressed, 
however, the semantic constraints are left to the person (or author) constructing the document. 
Often, a manual or guide prepared by an expert can be used to assist the author. There is, 
5 nevertheless, no assurance that the resulting XML-based document is semantically valid, since 
the author's subjective interpretation of the guide might have been incorrect. 

A second conventionally used approach for constructing an XML-based document that is 
both syntactically and semantically valid is to use an XML editor that is specifically written for 
the particular application being addressed. The semantic rules would be captured in the logic of 
10 the XML editor. As such, however, the rules cannot be easily modified, and each application 
requiring different semantics would require a different XML editor. 

Recent trends in business-to-business operations involve the description of services 
performed by one business partner on behalf of another. This description has been written as an 
XMt-based document. Considering the Trading Partner Agreement (TP A) example described 
15 ab6fle, such a document not only describes the various services performed, but the format of 
messages between partners, the protocol used to transmit the messages, and actions taken when 
oneibf the partners is unable to operate normally. There are semantic relationships between 
many sections of the TPA, so that, for example, the structure or content of one section is 
depiehdent upon the structure or content of another. Ordinarily, the semantic validity of a TPA 

y 

20 carteot be easily verified without attempting to build the business-to-business framework 
described by the TPA. It is too expensive to verify the validity of a document in this manner. 
Rather, it would be advantageous to be able to force the validity of the document during the 
authoring of the TPA. 

As businesses and other suitable applications begin to focus, for example, on XML as a 
25 useful description language for documents, such as contracts and processes, the need to verify the 
semantic validity of these documents becomes imperative. Presently, there is no means to 
adequately specify semantic constraints similar to the manner in which syntactic constraints are 
described in a grammar. There is a need, therefore, in the field of document authoring (e.g., 
XML documents), for a semantic model, and an implementation thereof, in which semantic 
30 constraints can be easily and efficiently described and verified. 
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Summary of the Invention 

The present invention provide methods and apparatus for constructing a document model 
that, in conjunction with an authoring tool, produces a semantically and syntactically valid 
document. The present invention addresses the need to adequately specify semantic constraints, 
5 similar to the manner in which syntactic constraints are described in a grammar, and to 
implement the objectives of a semantic model. In this manner, semantic constraints can be easily 
and efficiently described and verified, without the use of an XML editor that is specifically 
written for a particular application being addressed. 

In one illustrative aspect of the invention, a method of forming a document model for 
10 constructing a semantically and syntactically valid document comprises the following steps. 
Fir|| a root tag element is created representing a root tag in the document to be constructed, the 
ropHtag element including information relating to a corresponding tag, if present. Next, one or 
moil model elements are associated with the root tag element, each model element representing 
an ^alternative to the information relating to the corresponding tag. For each of the model 
15 eletnents, a syntactically and semantically valid sub-tree of elements is then created, based at 
lea&Bin part upon a structure of the document to be constructed under one or more predetermined 
conations. 

;z- Once the document model is constructed, an author, using an authoring tool for example, 
cart traverse the document model starting at the root. When the author encounters a tag element, 

20 the authoring tool preferably generates a tag as part of the output. Then, the children of the tag 
element, which must be model elements, are preferably examined. Since each model element 
represents a possible alternative structure for the newly constructed tag, the author chooses from 
among the alternatives. Since the only children of a model element are either tag elements, group 
elements (representing collections of tags), or a single value element, the process can be 

25 repeated. Once the entire document model tree has been completely traversed, the resulting 
generated tags represent a semantically valid document. 

These and other objects, features and advantages of the present invention will become 
apparent from the following detailed description of illustrative embodiments thereof, which is to 
be read in connection with the accompanying drawings. 
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Brief Description of the Drawings 

FIG. 1 is a diagram illustrating a conventional concept of selection constraints, wherein 
the selection of one alternative in one part of a document model implies the selection of a 
5 particular alternative in another part of the model. 

FIG. 2 is a block diagram illustrating how a tag from an XML-based document is mapped 
to a Tag Element/Model Element association, in accordance with the present invention. 

FIG. 3 is a block diagram illustrating how a leaf tag from an XML-based document is 
mapped to a Value Element in the document model, in accordance with the present invention. 
10 FIG. 4 is a block diagram illustrating how a sub-tag from an XML-based document is 

mapped to the document model, in accordance with the present invention. 

[% FIG. 5 is a block diagram illustrating how a collection of sub-tags in an XML-based 
document is mapped to the document model, in accordance with the present invention. 

; |5 FIG. 6 is a block diagram illustrating a generalized computer system architecture for 
1 5 imp^menting the methodologies of the present invention. 

Detailed Description of the Preferred Embodiments 

ij The structure of a document model is one key to guaranteeing the semantic and/or 
syrifcfctic validity of a corresponding document. It is generally the responsibility of the model 

20 creator (e.g., user of the modeling tool) to ensure that regardless of the set of selections made by 
the author, a semantically valid document is generated. 

The description presented herein illustrates how a document model is constructed from an 
extensible markup language (XML)-based document through an invertible mapping, whereby the 
original document may be reconstructed. In accordance with the present invention, the document 

25 model can be extended so that several different XML-based documents may be created from the 
same document model, each document preferably being both semantically and syntactically valid. 
Although the present invention will be described in relation to XML-based documents, it is to be 
appreciated that the present invention has wide applicability and may therefore be similarly 
employed to construct various other document types that are both semantically and syntactically 

30 valid. Moreover, while the document model may be implemented in various ways, the present 
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invention will be described in connection with an XML implementation. Other suitable 
implementations may include, for example, serializable Java objects. Any implementations 
contemplated by the present invention, however, are preferably extendible to support additional 
semantics beyond those considered herein. In accordance with a preferred embodiment of the 
5 present invention, additional semantics are supported by extending the objects (e.g., XML or 
Java) in a document model definition. 

Before describing a method for constructing a semantic model which, when used in 
conjunction with an authoring tool, produces a semantically valid document, it is first desirable 
to discuss the logical structure of a document model and define certain terms used in conjunction 
10 therewith. Such definitions will be helpful in describing how to build the unique document 
model of the present invention. 

Document Model Structure 

: p Preferably, in the case of XML-based document authoring, the document model 

15 comprises one or more object types or elements sufficient to represent an XML-based document, 
phis* an additional object(s) to encode the semantics, such as those semantics presented herein 
ab<Se. A component in the XML-based document is preferably referred to as a tag, and a 
component in the document model may be referred to as an element. Beginning with a tag to be 
de^g|nated as a root or root tag, a grammar can preferably describe a tree (or similar hierarchical 

20 stricture) of XML tags. The root of the document is preferably defined as a tag which is 
contained in no other tag (e.g., it is not a sub-tag). Each tag beginning with the root tag 
preferably includes zero or more sub-tags. If a tag includes no other sub-tags it is referred to as a 
leaf or leaf tag. It is contemplated that in certain scenarios a root tag may include no other 
sub-tags, in which case the root tag may also be considered a leaf tag. A leaf tag, while 

25 containing no other tags, may have a textual value associated therewith. 

A document described in XML can be considered as a tree, so the notions of child, 
ancestor, path and tree height are easily understood within this context. A child of a particular 
tag may be defined as another tag (e.g., a sub-tag) contained immediately within that tag. 
Similarly, a parent of a particular tag is another tag which contains it. A tag can have at most 

30 one parent, and any number of children. An ancestor of a tag is preferably defined as a tag which 
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is in the line of parentage of an original tag. A path between two tags (one of which must be an 
ancestor of the other) is preferably defined as the set of tags relating the two tags through the 
ancestor or descendant relationship. A length of a path is the number of elements in the path. A 
height of a tree may be defined as a maximum length of all paths in the tree. 
5 A document model, in accordance with one aspect of the present invention, is itself an 

XML document which imposes semantic structure on another document. A document model for 
constructing semantically valid documents preferably includes four object types or elements, 
namely, a Tag Element, a Group Element, a Value Element and a Model Element. A Tag 
Element, as used herein, is preferably defined as a component of the document model that 

10 represents or reflects a tag in a corresponding document. The tag element preferably includes at 
least one attribute, namely, the identity (e.g., name) of the tag it is representing. A Group 
Element is preferably defined as a component of the document model that is combined or 
assdfciated with a tag element when the tag associated therewith includes a collection of sub-tags. 
=p A Value Element is preferably defined as a component of the document model that is 

15 combined with a tag element when the tag associated therewith is a leaf tag comprising text or 
other information. The value element may be used, for example, to store information regarding 
thdBurrent data value and describe the data type or format of a corresponding tag. 

jjj A Model Element is preferably defined as a component of the document model that is 
ass^iated with a tag element. It is preferably the function of the model element to capture at 

20 leab£a portion of the semantics of the corresponding tag. One or more model elements may be 
associated with a particular tag element, with each model element representing one possible 
alternative to the information included in the tag. For example, if a given tag includes four valid 
semantic components, the tag element representing that tag will include four model elements 
associated therewith, each model element being a child of the tag element and corresponding to a 

25 different semantic component. Accordingly, all of the model elements, when considered in their 
entirety, associated with a given tag element preferably represent substantially all conceivable 
alternatives for the contents of a corresponding tag. A particular model element preferably 
includes possible values for attributes associated with a corresponding tag as well as references 
to other model elements that are to be selected and/or prohibited if the particular model element 

30 is selected by the author. 
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As illustrated in FIG. 2, a mapping (p 202 between a document and a corresponding 
document model is defined which preferably maps a tag 204 to a tag element 206/model element 
208 association. In essence, the image of any given tag 204 (e.g., the root tag and all sub-tags 
included therein) in an XML-based document is a tag element 206 associated with a model 
5 element 208 in the document model. Performing this mapping on all of the tags in the original 
document preferably yields a collection of parts or components of the document model. It now 
remains to assemble these parts into a complete document model. 

Building a Document Model 

Once the elements used in constructing the document model have been defined, a 

10 document model can be assembled to preferably represent a single semantically and syntactically 
vafgf document. In accordance with a preferred embodiment of the present invention, the 
document model is constructed, beginning with a root tag, by recursively defining a mapping <p 
froifi an XML-based document to a corresponding document model based, at least in part, upon a 
hei!g|t of the document tree. The height of the document tree is an indication of the number of 

15 hietfrchical levels or branches of the tree. Thus, a document tree having a height of one implies 
thaQthere are no sub-tags present in the document. In describing the recursive mapping 
procedure of the present invention, three specific cases will be presented, namely, a first case 
whbje the height of the document tree is equal to one (1), a second case where the height of the 
document tree is greater than one and the tag includes a single tag (e.g., sub-tag), and a third case 

20 where the height of the document tree is greater than one and the tag includes a collection of tags. 

Referring now to FIG. 3, a block diagram is shown illustrating the case where the height 
of the document tree is equal to one (e.g., there are no sub-tags present). As shown in FIG. 3, a 
single leaf tag 304 is preferably mapped 302 to a tag element 306, and a decision point, indicated 
by a model element 308, is preferably inserted as a child of the tag element 306. If the tag 304 

25 has a value, then a value element 310 is preferably added beneath the model element 308. The 
value element 310 captures the value of the tag 304. If the tag 304 does not have a value, then 
value element 310 may be omitted. Since there are no other sub-tags present in this case, the 
document model tree is essentially completed. 
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In FIG. 4, there is shown a block diagram illustrating the case where the height of the 
document tree is greater than one, and where the tag 404 (e.g., tag "A") includes a sub-tag 410 
(e.g., tag "B"). With reference to FIG. 4, a tag 404 which includes a single sub-tag 410 is 
preferably mapped 402 to a corresponding tag element 406. A decision point, represented by 
5 model element 408, is preferably inserted beneath and associated with tag element 406. The 
sub-tag 410, which is a child of tag 404, is preferably mapped 402 to tag element 412 which is 
preferably inserted as a child of model element 408. A second decision point, represented by 
model element 414, is preferably inserted beneath tag element 412. This procedure is preferably 
repeated until all tags have been mapped into the corresponding document model. 
10 FIG. 5 depicts a block diagram illustrating the case where the height of the document tree 

is greater than one, and where a tag 504 includes a plurality of sub-tags 512, 518. As shown in 
FKjpJs, tag 504, which includes a collection of n sub-tags 512, 518 (labeled Bl through Bn), is 
preferably mapped 502 to a tag element 506 corresponding to tag 504. A decision point, 

repipsented by a model element 508, is preferably inserted as a child of tag element 504. Since 

lit 

15 tag;|>04 includes a collection of sub-tags 512, 518, this collection of sub-tags is preferably 
maj5ped to a group element 510 inserted beneath the model element 508. Each of the sub-tags, 
5123nd 518, is preferably represented by a corresponding tag element, 514 and 520, respectively, 
in ihp document model. Inserted as a child to each tag element, 514 and 520, is preferably a 
corhgsponding model element 516 and 522, respectively, as a decision point in the document 

20 model. 

A document model generated from an XML-based document by the mapping <p in this 
manner is called a simple document model. As illustrated in FIGS 2 through 5 and described 
herein above, a primary feature of the present invention is that in the simple document model, 
each tag element has a single model element beneath it and associated therewith. The objective 

25 here is to describe a mapping from an XML document to its corresponding model such that the 
original XML document may be retrieved. It is easy to see that this mapping is invertible. An 
important aspect of the present invention is the extension of this simple document model to a 
more complex document model which can then be used to map into many different XML-based 
(or other type) documents. The complex document model is preferably generated by allowing 

30 more than one model element under a given tag element. 
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Extending The Document Model 

The document model described thus far can be used to generate the original XML-based 
document. In order to generate other documents, however, and to capture the semantics, some of 
5 which are outlined above, the present invention preferably includes additional structures to the 
individual elements. By way of example only, each of the semantics described herein above may 
be captured by the following extensions, in accordance with a preferred embodiment of the 
present invention: 

1. There are semantically and syntactically valid choices for sub-trees for any tag in 

10 the XML-based document. Note, that while there is exactly one model element under a given tag 
element, other well-constructed model elements (e.g., model elements containing syntactically 
anEsemantically valid sub-trees) may be added under a tag element. There is essentially no 
restriction on how many model elements a tag element can possess. Now, as the authoring tool 
tra^§rses the document model, it arrives at a tag element with more than one model element. By 

15 allying the author to select one of the model elements, the structure beneath that model element 
cairte included in the final document. Since the model maker has preferably constructed each 
sucBj structure to be semantically valid, the final document will also be semantically valid. 

s s 2. Each choice of a sub-tree of a tag can imply the automatic selection or exclusion 
of sub-tree of another tag. Each model element is preferably assigned a unique reference 

20 identifier. Each model element also preferably includes a list of identifiers of other model 
elements and with each a flag indicating whether the model element to which it refers should or 
should not be included. 

3. While a grammar may describe a tag as optional, the semantics may specify that 
the tag is required, prohibited, or indeed optional. A three-way flag (e.g., a flag comprising three 

25 possible values or states) is preferably set in each model element and group element for each of 
its constituent elements. Possible values of this flag may include, for example: 

a. The element is not required; 

b. The element remains optional, and the decision to include it should be left to 
the author; and 

30 c. The element is required and included without consulting the author. 
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Note, that if an element has a minimum include count greater than zero, this flag will preferably 
always be set to the third value. 

4. While a grammar may define a minimum or maximum number of times a sub-tag 
may be included as a child of a given tag, the semantics may require a particular set number of 
5 inclusions. Each model element and group element preferably includes a count describing the 
maximum number of times its constituent tags can be repeated. For example, a model element 
may contain either a tag element or a group element, possibly a multiple number of times. 
Therefore, the model element preferably comprises a single count describing how many times 
that tag or group element can be included. A group element preferably comprises several counts, 

10 since it may include several elements that might be repeatable. A count value of zero may be 
defined to indicate that the tag can be repeated any number of times. 

[% 5. While a grammar may describe a data type (specifically, the XML Schema can do 
this)j the form or type of the data (e.g., date format, etc.) may vary. For data, a value element 
preferably holds or stores an index representing a type the data describes. 

15 % 6. For representing the attributes of a given tag, the model element serves an 
im^Srtant function. Since the attributes associated with a tag can vary depending upon which 
alternative is selected for the tag's substructure, the model element representing the chosen 
alternative preferably includes the appropriate attribute value(s). These attribute values are 
pre@rably passed to the tag element once the selection of an appropriate alternative is made. It is 

20 als<Npossible to identify the form of the attribute within the model element. 

7. Data fields and attributes can have default values. This value is preferably 
maintained in the value element. 

8. Orderable data fields can have minimum and/or maximum values. The value 
element preferably includes one or more attributes which identify these minimum and/or 

25 maximum values. 

9. Several fields are often required to have the same value. Accordingly, a 
dictionary is preferably included as part of the document model. Furthermore, a value element 
preferably comprises a flag indicating that the data included therein is a dictionary reference, 
rather than the actual value. 
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Referring now to FIG. 6, a block diagram is shown illustrating a generalized hardware 
architecture of a computer system 600 which is suitable for implementing the various functional 
components/modules of a semantic model construction system as depicted in the figures and 
described in detail herein. It is to be understood that the components of the semantic model 
5 constructor may be implemented on one or more such computer systems 600. 

With continued reference to FIG. 6, the semantic model construction system may be 
implemented in accordance with a processor 602, a memory 604 and at least one input/output 
(I/O) device 606. It is to be appreciated that the term "processor" as used herein is intended to 
include any processing device (e.g., digital signal processor, microcontroller, etc.), for example, 

10 one that includes a central processing unit (CPU) and/or processing circuitry. The term 
"memory" as used herein is intended to include memory associated with a processor or CPU, 
sucpj as, for example, random access memory (RAM), read only memory (ROM), a fixed 
mentory device (e.g., hard drive), a removable memory device (e.g., diskette), flash memory, etc. 
In Edition, the term "I/O devices" as used herein is intended to include, for instance, one or 

15 mql input devices (e.g., mouse, keyboard, etc.) for entering data to the processing unit, and/or 
oncTbr more output devices (e.g., CRT display, printer, etc.) for presenting results associated with 
the! processing unit. It is also to be understood that the term "processor" may refer to more than 
one7processing device and that various elements associated with a processing device may be 
sha^d by other processing devices. 

20 u Accordingly, software components including instructions or code for performing the 
methodologies of the invention, as described herein, may be stored in one or more of the 
associated memory devices (e.g., ROM, fixed or removable memory) and, when ready to be 
utilized, loaded in whole or in part (e.g., into RAM) and executed by a CPU. 

Although illustrative embodiments of the present invention have been described herein 

25 with reference to the accompanying drawings, it is to be understood that the invention is not 
limited to those precise embodiments, and that various other changes and modifications man be 
affected therein by one skilled in the art without departing from the scope or spirit of the 
invention. 
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